Metallic iron (Fe 0 ) is a moderately reducing agent that has been reported to be capable of reducing many environmental contaminants. Reduction by Fe 0 used for environmental remediation is a well-known process to organic chemists, corrosion scientists and 
a valuable technological application that has been shown to be both environmentally friendly and cost-effective in the removal of various substances from contaminated waters [1] [2] [3] [4] [5] [6] [7] . Since its development in 1990 by Canadian hydrogeologists numerous papers have been written on the topic and approximately 120 iron walls installed worldwide [4] . Even though the importance of the mechanism of contaminant removal was recognised in the early stage of technology development [1, 8] , there is still discussion about the mechanism of contaminant removal in Fe 0 /H 2 O systems [9] [10] [11] [12] . The main reason cited for reported discrepancies was the improper consideration of the significance of the oxide-film on the process of contaminant removal [11, 12] . In fact, after considerable initial scepticism [2] , it was accepted that contaminants are removed in Fe 0 /H 2 O systems by an abiotic reductive transformation. Based on this consensus, "the role of oxides in reduction reactions" were discussed [13] .
Accordingly, the oxide layers may act either as: (i) a semiconductor to relay electron transfer 
Mechanism of iron removal in the Becher process
Aqueous iron oxidation (corrosion) by dissolved oxygen (O 2 ) has been extensively described in the literature, including the aeration step in the Becher process for the manufacture of synthetic rutile [14, 15, 18, 19, 22] . The overall reaction can be represented as:
The primary process is essentially an electrochemical reaction made up of (i) an anodic Fe surface can be divided into two phases: (i) an initial constant rate phase, followed by (ii) a second phase, in which a steep decrease in rate is expected and was observed [15] .
Becher process versus contaminant removal in Fe 0 /H 2 O systems
In the Becher process iron removal from a matrix of reduced ilmenite (RI -58 % Fe 0 and 42 % TiO 2 ) by oxidation with dissolved O 2 is the goal. The oxidation is performed in the presence of NH 4 Cl to limit iron oxide precipitation in the vicinity of RI (see below).
Nevertheless, iron oxides precipitate and the goal of a matrix with 94 % TiO 2 is sometimes difficult to achieve [19, 22] . Generated iron oxides are regarded as inert micro-particles influencing mass transfer between RI and dissolved O 2 . To accelerate mass transfer and thus maximize O 2 leaching in the Becher process, RI might be ground to small particle sizes and/or intensive solution mixing (stirring, agitating) yielding particle suspension might be applied. The major difference between both processes is that iron oxides can be regarded as inert in the It should be acknowledged that increasing attention has been paid to the role of oxide layer on Becher process indicates that oxide layers fundamentally act as physical barriers. Recent works [11, 12] demonstrated that contaminants are primarily removed by adsorption and coprecipitation within the oxide layers and are stable as long as the iron oxide is not dissolved.
Lessons from the Becher process:
Modelling is now a fundamental step in science, since it allows a better understanding of investigated systems. Modelling can be used to support experimental design, operation control, experiment planning, experiment optimization, experiment scaling, and system or results analysis [30] . Upon adequately representing a system, one might be able to scale-up, Bruckard et al. [22] , their effects for long-term reactivity of Fe 0 walls should be significant.
More research under conditions pertinent to remediation Fe 0 /H 2 O systems is needed to clarify this issue.
Concluding remarks
While the complexity of mass-transfer in remediation Fe to be properly considered and data should be obtained under relevant experimental conditions [11, 12] . Furthermore, electron mediators have been unambiguously described in the Becher process [22] . Electron mediators facilitate electron transport from Fe 0 to reducible species (oxygen, contaminants), they can undergo many successive reduction/oxidation cycles in the process and act as catalysts. Catalytic effects of quinonoid model compounds in remediation 
